Jürgen Hafner started in the early 1970s with pseudopotential calculations on the structures and properties of sp-bonded metals, improving on work done elsewhere [1] . This expanded in four directions: transition metals, molten metals, magnetism and alloys, and combinations of these. As well as electronic structure calculations, he helped to advance the statistical mechanical classical theory of liquids for the molten metals [2] . In magnetism he was one of the pioneers of calculations with non-collinear spins [3, 4] . As well as simple (solid and molten) alloys, he also treated materials with strong chemical interaction such as sulphides and liquids such as arsenic and tellurium [5, 6] . All this fed into two directions which dominated much of his work for many years, namely the theory of glassy metals [7] and that of quasicrystals [8] . One notable result in the latter was to show that it was possible to construct hypothetical materials for which the quasicrystalline state is indeed the lowest energy structure. This displaced the established wisdom of the time that quasicrystals were necessarily metastable forms. In more recent years he has turned to calculations in surface science [9, 10] , including catalysis of chemical reactions on surfaces [11, 12] .
What really brought Jürgen first to my attention was that he had managed to do a better job than we had of calculations with the new approach of pseudopotentials, particularly regarding the screening part of the calculation. This is very important in alloys where there is a large difference in the electron density in the two types of atom due to their different volumes or valences such as in the phase diagram and structure of LiK or KPb [5, 13] .
We have been in contact over many years including one close collaboration and I always learned something new in talking with Jürgen. In the late 1970s in Cambridge we performed phonon calculations on models of amorphous silicon [14] , to see if these could distinguish between different models such as those with or without odd-membered rings of Si atoms. We used the so-called recursion method with force constants to near neighbours [15] , and sampled the phonon density of modes projected onto individual atoms. This meant quite a large number of calculations were required to sample enough atoms out of the amorphous cluster. However Jürgen showed that it could be done much more simply when he became interested in the analogous problem of the phonon spectrum of his glassy metals. He calculated the phonon density of modes projected onto a vector spanning all the atoms but with random phases [16] . This summed coherently the local density of modes on all the atoms, which is what one wanted, plus off-diagonal parts with random phases which therefore cancelled to a good approximation and which could be further reduced by summing over a few such calculations varying the random phase factors. This greatly reduced the computational effort, and in practice meant that one could deal with larger and more realistic computer samples.
A continuing common interest has been phase diagrams, particularly how structures vary with pressure (change of atomic volume) and with element in a column of the periodic table or in alloying [17] . In particular, the behaviour of the group IV elements under pressure can be plotted qualitatively on a universal phase diagram. Together we made calculations [18] characterizing sp-bonded elements (or 'virtual' elements in the virtual crystal approximation for alloys) by just three parameters, namely the valence Z, ion core radius R c in the Ashcroft 'empty core' model of the pseudopotential, and volume (per atom) which can be varied with pressure. Of course such a model is grossly simplified, but for valence 3 the results showed well the transition for Z = 3 from the close-packed fcc structure in aluminum, through more open and distorted structures in gallium and indium, to a close-packed structure again in thallium. Hafner and his groups extended these studies to molten [19] and quasicrystalline metals. The stunning result was that among the distorted structures there was a region where quasicrystals were stable with the lowest energy among all the structures they tried and which had shown up elsewhere [20] .
In addition to Jürgen Hafner's actual research work published in over 600 research papers, including numerous review articles, several contributions to books and one monograph, he has done a great deal to establish our field of electronic structure calculation as the basis for understanding materials in Austria and across Europe. The founding and expansion of the Computational Materials Science Centre (CMS) in Vienna owes much to him, as well as the development of the European Psi-k network where he served as acting chairman in 1997-1999. He has been one of the leaders of the 'Surfaces and Catalysis Working Group' of Psi-k, and the instigator of several 'Theory Meets Industry' workshops [21] to stimulate the transfer of our methodology to industrial problems.
Jürgen Hafner has always aimed for the highest intellectual standards. His nose for finding the most advanced work going on elsewhere has resulted in many international cooperations, including some in the USA and Japan. His list of international joint research projects runs to many pages. This in turn has been a major contributor to European cooperation, and in making it now the leading area in the world for our field.
Hafner's research has always been linked closely to understanding puzzling experimental results, and in this way he has helped to establish a good reputation for computational physics within the mainstream of condensed matter physics of materials. It has taken quite a long time to establish computer simulations as a respectable component of research in condensed matter physics. "It is not real theory" people sneered from one side, and "computer simulations are not like real experiments" from the other. In the late 1990s a young German said to me that one could never get a professorship of theoretical physics in Germany doing the kind of things that I have done during my life: maybe in 'materials physics' or 'applied physics' but not a chair in theoretical physics. I think the situation has changed now, with computer simulations making an essential contribution to research across diverse fields. Hafner's high intellectual standards have contributed a lot to help bring about this change in attitudes in Europe.
Another aspect of Hafner's high standards has been that he was never a friend of big computing for the sake of computing. All the research has been guided by trying to achieve scientific understanding of puzzling results, and being closely allied to experimental findings. Thus he has been a favourite invited speaker at many conferences around the world.
At this point I would like to add something more on this comment on high standards, which is also relevant to European cooperation. I often quote a remark by the late Sir Nevill Mott who was head of the Cavendish Lab when I was young: "In basic research, second class work is almost not worth doing." If the work is already behind the front line of research when it is being done, it is not likely to contribute much to moving that frontier forward which is what basic research is about. Jürgen Hafner has always sought out the most advanced work anywhere in the world that is relevant to his projects, which has brought him into many international collaborations. He has recognized clearly that any one European country is not a large enough unit to have all the latest expertise in our subject, and this has led him to help build up strong European cooperation through the Psi-k European network already mentioned.
Other people will know better than I do the large number of graduate students who have passed through Jürgen Hafner's hands, many continuing in on-going research collaborations. In this regard the special connection of Hafner's group, and the Computational Materials Science Centre generally, with the surrounding countries of Central Europe has been of great importance to science in those countries, particularly during the communist era.
As well as his major fields of research interest that I have mentioned, one sees on his publication list several forays into applying our methodology in other areas of science. In particular there are papers on silicate minerals and zeolites, on fullerenes and some biological applications to rhodopsin, which is the light-sensitive material in the eye.
In conclusion, there is an enormous amount to celebrate in the scientific contributions of Professor Jürgen Hafner and his personal group and the Vienna Computational Materials Science Centre which he has fostered. 
